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i. Exrerimental Study of the Anti-Thrombotic Properties of Dextrans
Of Low Molecular Weight. A standardized preparation in the dog has
been used to evaluate the effect of dextrans of low molecular weight
in preventing thrombosis in small arteries subjected to surgical
trauma. In 23 preparations given an infusion of dextran, with -n
average molecular weight of 43,000, the two hour thrombotic rate was
50 percent. The thrombotic rate in 12 preparations treated with
NRC-2B dextran, average molecular weight 34,000, was 90 percent and
in ten preparations treated with NRC-2, average molecular weight
11,800, the thrombotic rate was 75 percent. It would appear that
dextrans of low molecular weights are not as effective as clinical
dextran in preventing intravascular thrombosis.

2. Study of the Anti-Throbotic Properties of Dextrans of Large

Molecular Weight. The anti-thrombotic properties of trans with
high average molec.tar weight- have been evaluated using a standard-
ized experimental preparation that has a known post-traumatic thromb-
otic rate of 95 percent. In 93 preparations treated with dextrans
of large average molecular weights, the thrombotic rate was reduced
to 59 percent. These studies suggest that clinical dextran is sup-

erior to dextrans of higher molecular weights in preventing thromb-
osis in small arteries of dogs subjected to a standardized surgical
trauma.

3. Coating of Vascular Surfaces and Cells - A New Concept in the
Prevention of Intravascular Thrombosis. Radiocarbon (C-14)labeled
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dextran has been used to study the mechanism of action of dextran.
It is to be emphasized that the studies reported are preliminary but
they definitely indicate that dextran coats all the intravascular
surfaces. The ability of dextran to coat surfaces may be its fund-
amental mechanism of action in retarding intravascular thrombosis.
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EXPERIMENTAL STUDY OF THE ANTI-TILOMBOTIC PROPERTIES OF

DEXTRANS OF LOW-MOLECULAR WEIGHT

Dextran has been usee extensively as a plasma volume expander.
1,2,3,4

A number of reports have shown that infusion of large amounts

of macromolecular substances, such as acacia, polyvinyl alcohol,

gelatin, and dextran, may prolong the bleediiig time. The hemo-

static defect associated with the intravenous administration of more

than 1000 ml. of clinical dextran has not been clearly defined; how-

ever, the *c- . te jetects are probably related to changes in several

ot the systems invc 1'ed in clot formation. Recent studies by Bloom
5

and associate s suggest that prolongation of bleeding time is more

closely associated with expansion of whole blood volume than to
6

plasma dextran concentration. Stefanini and Dameshek report changes

in fibrinogen conversion and a decrease in total platelet counts fol-

7
lowing clinical dextran infusions, and Behrmann and Hartman describe

hypothrombinemia, thrombocytopenia and low plasma fibrinogen after
8

plasnra volume expansion with dextran. Other workers report no

deleterious effects upon the coagulation mechanism following infusion

of so-called "low-moleculai weight dextran". The changes in hemo-

stasis produced by clinical dextran suggested tLat thi. glucosidic

polysaccharide migln prevent or retard intravascular thrombus form-

ation. The use of clinical dextran in preventing thrombosis in small

9arteries which have been traumatized has been previously reported.

This report is a continuation of our studies evaluating the effect
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of dextrans of low molecular weight in preventing thrombosis in small

arteries subjected to a standardized mechanical trauma.

MATERIAL AND METHODS

These studies were performed in dogs using the standard prepara-
9

tion previously described. Briefly, the femoral artery was exposed

and a two centimeter segment measuring 2.5 - 3 mm. in external

diameter was isolated. A longitudinal arteriotomy was performed

and the intima was carefully stripped fron this segment. The arteri-

otomy incision was c oad witn # 7-0 arterial silk. Prior to re-

leasing the vascular clamps an infusion of dextran was given and a

catheter was inserted into the urinary bladder for collection of

urine samples.

In 23 preparations an infusion of dextran*with an average mol-

ecular weight of 43,000 was given in quantities equal to one percent

of body weight. Ten preparations were given a one percent infusion

of NRC-2B, average molecular weight of 34,000; and in 12 preparations

a one percent infusion of NRC-2, average molecular weight of 11,800,

was given. After initimectomy and dextran infusion the vascular

clamps were removed and a pulsatile flow of blood was restored to

the traumatized segment. The preparation was observed continuously

for two hours and tho time required for an occluding thrombus to

form in the intimectomized segment was determined by inspection and

palpation, and then recorded. Previous studies revealed that 90 per-

cent of 40 similar untreated control preparations thrombosed within

* Supplied by Baxter Laboratories.
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the two hour observation period.

Blood and urine samples were collected at intervals for 24 hours

and in certain instances for eight days. The concentration of dex-

tran in the plasma and urine was determioed by the method described
10

by Bloom and Wilcox.

Blood samples were also obtained for thrombelastographic an.11'sis

and for measurement of tht thrombin and prothrombin times. In

selected instances sedimentation cates were performed prior to and

following the dextr.- infusion.

rLESULTS

In 23 intimectomized preparations given an intravenous infusion

of "dextran 43,000", thrombosis occurred within the two hour ob-

servation period in 12 instances giving a thrombotic rate of 52 per-

cent, Fig. 1. All of the preparations functioned well initially.

The onset of clot formation was rapid and always began at the dis-

tal end of the suture line. The cloc gradually progressed proximal-

ly to involve the entire traumatized segment. As the obstructing

thrombus formed the vessel gradually lost its elastic properties

and began to pulsate in a piston-like fashion longitudinally.

Plasma lextran levels Levealed an average concentration of 575

mg. percent one hour following the infusion. The blood concentration

fell rapidly with a concomitant rise in urinary excretion. Approx-

imately 50 percent of the dextran was excreted in six hours ani in

48 hoars the plasma lextran level had returned to normal.

The thrombelastouraphic changes are similar to those reported for

clinical dextran, Fk. 2. This pattern was obtained one hour follw-
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inq! -in infusion of "dextran 43,000". The major change in the

pattern is a decrease in ma value from 56 to 40. The r value is

not significantly affected; however the k value: is increased. "Dex-

tran 43 000" produced an average increase in the prothrombin time

of 1.6 seconds and an avetage decrease in the fibrindex time of 1.2

s3conds. The average prothromuin time prior to the infusion wa-

17.2 seconis and the average time one houir following the infusion

was 18.8 seconds. The average control sedimentation rate was 9mm/

hoar and Jdxtran witb an average mole'cular weight of 43,000 pro-

d-ued little oc no change in this rate. All of these coagulation

studies returned to normal as the dextran was cleared from the blood

stream.

In ten preparations a one percent infusion of NRC-2B was given

prior to releasing the vascular clamps. Thrombosis occurred in nine

of these preparations giving a thrombotic rate of 90 percent Fig.3.

Plasma and urine samples revealed a rapid trretion of NRC-2B.

The average one hour blood level was 30. mg. percent, and in six hours

it had fallen to 75 mg. percent. The urine concentration was in-

veLsely related to the plasma level and both urine and blood dex-

tran levels were essentially normal in 24 hours. NRC-2B was found

to decceabe the i. ' n_tion rate.

The thrombelastographic pattern obtained one hour following in-

fusion of NRC-2B showed a definite decrease in ma value, Fig. 4.

No change in the r or k values was noted. The average prothrombin

time was increased from 17.2 seconds to 18.7 seconds and the aver-

age fibrindex time was decreased from 5.6 seconds to 5.3 seconas.
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In 12 preparations a one percent infusion of NRC-2 was given.

Thro-nbosis occurred in algt instances giving a thrombotic rate of

75 percent, Fig. 5.

Blood and urine concentration studies revealed a very rapid ex-

cretion of NRC-2. The plasma and urine dextran levels returned to

normal within two to six hours.

The thrombelastoyraphic changes produced by NRC-2, Fig. 6, were

similar to, but not as marked as, the changes described for NRC-2B.

NRC-2 caused a decreae in thc averarle prothrombin tie from 17.2

scconds to 16.4 seconds and a decrease in the average fibrindex

time from 5.6 seconds to 4.9 seconds. As with NRC-2B, the sedimenta-

tion rate waq foand to be decreased by a one percent infusion of NRC-

2 dextran, Fig. 7. Changes in the me-asured coagulating mechanism

returned to normal as the plasma dextran level returned to normal.

DISCUSSION

9
In a previous study it was found that the t':o hour thromqotic

rate in 40 untreated intimectomized preparations ,as 90 percent.

These preparations must be carefully prepared as described in order

thOL mechanical factors will not influence the thrombotic rate.

Meticulous removal of all shredded tissue from the traumatic seg-

ment is ebsential, Tt i important to place .he sutures so as to

prevent constriction of the artery. We have not found the dissect-

ing microscope to be necessary in suturing these preparations. An-

other prerequisite for a satisfactory preparation is that it must

transmit a pulsatile flow of blood for ten minutes or more after the



vascular clamps are removed.

The thrombotic rate following infusion of "dextran 43,000" was

52 percent as compared to a thrombotic rate of ten percent follow-

ing infusions of clinica_ dextran. NRC-2B and NRC-2 dextran had no

significant influence on the thrombotic rate. It would appear that

dextrans of low molecular weight are not as effective as clinical

dextran in preventing clot formation in small arteries subjecte,

to a standardized surgical trauma. The total plasma dextran levels

were equally elevated with all weights of dcxtran during the two

hnur observation period. This finding suggests that the anti-

thrombotic properties of dextran are related to molecular size rather

than total plasma dextran concentration.

It is known tnat dextrans of low molecular weight increase the
11

suspension stability of red cells. This action of "dextran 43,000"

(frequently called low-molecular weight dextran) has been suggested
12,13

by a number of workers as being helpful in Preventing blood

sludging and the many pathologic states which have been ascribed to
14

it. Recent studies by Pories and associates cast doubt upon the

harmful effects of erythrocyte aggregation. In the present invest-

igation clinical dextran increased the sedimentation rate and at the

same time warkedl. .- :uzd the thrombotic rat(.. NRC-2 and NRC-2B

dextran have very low mobcular weights and decrease the sedimentation

rate; howevee, in the quantities used it did not influence the devel-

opment of thrombosis in the experimental preparations. Since dex-

tran is a non-polar polysaccharide one would expect various molecular

weights of this substance to increase or decrease the sedimentat ion
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rate in accordance with known physical chemical laws. The re-

lationship between suspension stability and clot formation is, as

yet, not clearly defined.

As expected, dextran. of small molecular weights are rapidly ex-

creted by the kidneys. NRC-? dextran, average moletular weight 11,

800, appears in the urine in large quantities immediately followqing

intravenous administraLion, Within a period of oix hours this sub-

stance was cleared from the plasma. NRC-2B and "dextran 43,000"

have larger average molecular weights and are less rapidly cleared

f.ofltthe plasma. A significant amount of clinical dextran, average

molecular weight 75,000, remains in the plasma for five days.

Previous reports have shown that "dextran 43,000" has little or

no effect on the clotting mechanisms as studied. Thrombelastography

is a valuable means of photokymographically recording the effect of

dextran upon the kinetics of clot formation. As with clinical dex-

tran it was found that dextrans of low molecular weights primarily

affected the ma value. NRC-2 and NRC-2B did not have as pronounced

an effect on the ma value as did"dextran 43,000". The magnitude of

chdnge in the thrombelastographic pattern may be partially depend-

ant or, the presence ol. a definite amount of dextran of a particular

molecular size, andi 'iuru detailed studies will bc teported elsewhere.

SUMIARY

A standardized preparation in the dog has been used to evaluate

the effect of dextrans of low molecular weights in preventing thromb-

osis in small arteries subjected to surgical trauma. In 23 prep-

arations given an infusion of lextran, with an average molecular
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weight of 43 000. the two hour throwbo'ic rate was 50 percent. The

thrombotic rate in 12 preparations treated with NRC-22 dextran, aver-

age molecular weight 34,000 wds 90 percent and in ten preparations

treated with NRC-2, average molecular weight 11,800, the thrombotic

rate was 75 percent. Mhen these thrombotic rates are compared with

a thrombotic rate of ten percent following clinical dextran infuL:on,

it would appear that dextrans of low molecular weights are not as

effective as clinical dextran in preventing intravascular thrombosis.
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DEXTRAN

(43,000)

TOTAL INTIMECTOMIES 2j

THROMBOSIS IN 2 HOURS 12

TIIROMBOTIC RATE 52%

Fig. 1. Thrombotic Rate Following Dextran (43,000).
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(l 3, 000O)

THROMBELASTOGRAPHIC PATTERN

FOLLOWIG DEXTRAN (43,000)

DOG k30
CON4TROL

DEXT RAN
(43,000) k- 75

Fig. 2. Thrombelastograptic Pattern

Following Dextran (43,000)



DEXTRAN

(34, 000)

TOTAL INTIMECTOMIES 10

THROMBOSIS IN 2 HOURS 9

THROMBOTIC RATE 90%

Fig. 3. Thrombotic Rate Following

Dextran NR.-2B (34,000).



DEXTRAN
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FOLLOWING NRC-2B (34,000)
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kz 3.5

DEXTRAN
NRC -2B k.

(34,000)maz4.

Fig. 4. Thrombelastographic Pattern

Followmng Dextran NRC- 2 B

(34,000)



DEXT RAN

(11,800)

TOTAL IN'>IMECTOMIES 12

THROMBOSIS IN 2 HIOURS 8

TIIPOMBOTIC RATE 75%

Fig. 5. Thrombotic Rate Following Dextran

NRC-2 (11,800).
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(11 ,800)

THROMBELAS TOGRAPHIC PATrTERN
FOLLOWING NRC-2 (11,800)

DOG r4.0
CONTROL C k 5

m:68.:5

DEXTRANJ
NRC-2 r .

(11800)k=1.5

Fig. 6. Thrombelastographic Pattern

Following Dextran NRC-2 (11,800)



SEDIMENTATION RATE

(WINTROBE)

CLINICAL DEXTRAN - INCREASED

DEXTRAN (43,000) - NO CHANGE

NRC-2B (34,000) - DECREASED

NRC-2 (11,800) - DECREASED

Fig. 7. C-mparison Of Effect On Sedimentation
Rate.
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STUDY OF TilE ANTI-THIROMBOTIC PROPERTIES

OF DEXTRANS OF LARGE MOLECULAR WEIGHT

A continued search for an effective method of preventing post-

operative thrombosis in small arteries has been carried out in this
1,2,3,4,5.

laboratoyy during the past two years. Heparin and two

fibrinolytic enzyme preparations were found to be only partially

effective and impractical to use. Our studiCJ have been reported

indicating that an i'.-'ion of clinical dextran (6% solution of MW

75,000) in quantities equal to one percent of the body weight is

responsible for the prevention of post-operative thrombosis in small
1

arteries. Dextrans of low molecular weight are not as effective as

clinical dextran in preventing thrombosis in arteries following
3

a standardized mechanical trauma. Since dextrans of MW 75,000 and

less are quantitatively removed from the intravascular compartment

in a matter of a few hours it was felt that study of the anti-

thrombotic properties of dextrans with average molecular weights

larger thpn the albumin molecule might add to our understanding of

the protective effect observed.

MATERIAL AND METHODS

The materials ano, methods used in this study weiii the same as

reported previously. The femoral arteries of mongrel dogs weigh-

ing between 15 and 20 pounds were exposed so as to be able to iso-

late a two centimeter segment that measured 2.5 to 3 mm. in external

diameter. Bulldog clamps were applied and a longitudinal arteri-
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otomy was made in the 2 cm. segment. A # 15 knife blade was used

to -mechanically scrape all of the intima from the isolated segment.

The arteriotomy incision was closed with # 7-0 arterial silk in a

continuous fashion. The bulldog clamps were then released and a

pulsatile flow of blood was restored through the traumatized seg-

ment. The vessel was kept moist with saline and continously ob-

served for two hours or until thiombosis -,f the segment occurred.

The time for an occluding thrombus to foim was recorded in each

study. Thrombosis v.- determined by palpation and inspection and

in selected instances by continuously recording the pressure distal

to the traumatized segment. Since the thrombotic rate in a large

secies of ccntrol experimental preparations was known, this study

was not repeated, but random control animals were interposed in the

study to verify reproductability of method and thrombosis.

In order to determine the effect of dextrans of large average

molecular weights on intravascular thrombosis, a group of dogs was

prepared as described in the control animals. In each animal a six

percent Folution of dextran was infused in volume to equal one per-

cent of the animal's weight.

GROUP ONE - Thirty-five intimectomy preparationq in 10 dogs were

tieated with dextra.- of an average molecular weight of 185,000.

GROUP TWO- Twenty intimectomy preparations in ten dogs were treat-

ed with dextran of an average molecular weight of 300,000.

GROUP THREE - Twenty intimectomy preparations in ten dogs were treat-

ed with dextran of an average molecular weight of 450,000.
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GROUP FOUR - Eighteen intimectomy preparations in nine dogs were

treated with dextran of an average molecular weight of 500,000.

GROUP FIVE - In order to determine the isolated effect of blood vol-

ume expansion on the thrombotic rate of the standardized experiment-

al preparation, a one percent infusion of Polyvinylpyrrolidone was

used to treat 14 intimectomized arterial svgments in seven d-gs.

A Thrombotest assay (Owren), a thrombin time (fibrinogen assay),

thrombelastographic studies, and phase contrast platelet counts

were perfurr-d on representative dogs infused with dextrans of wari-

ous molecular weights. Comparative platelet counts were performed

in two dogs receiving dextran 500,000 and in three dogs receiving

dextran 185,000. Blood and urine dextran levels were determined

along with the coagulation studies in selected instances.

RESULTS

In group one, thirty-five intimectomized arteries in dogs were

treated with dextran of an average molecular weight of 185,000.

Thrombosis of the traumatized segment occurred in 20 instances after

restordtion of a pulsatile blood flow. A thrombotic rate

Number of thrombosis of 57 percent resulted (Fig.l)
Number of intimectomies

Dextran 300,010o was used in group two. £hrowbosis occurred in

11 instances resulting in a thrombotic rate of 55 percent.

Twelve of 20 experimental preparations in group three thrombosed

following a one percent infusion of dextran 450,000 providing a

thrombotic rate of 60 percent.

In group four, dextran with an average molecular weight of 500,000
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was used to treat 18 intimectomized preparations and an occluding

thrombus developed in 12 instances. The thrombotic rate for this

group was 66 percent.

A total of 93 surgical preparations were treated with dextrans

of high average molecular weight. Thrombosis occurred within the

two hotir observation period in 55 instances giving a thrombotic

rate of 59 percent. (Fig.2).

Polyvinylpyrrolidone was used to treat 14 preparations in group

five and in each iz'tance thrombosis of the intimectomized segment

ocuurred within the two hour observation period. The thrombotic

rate was 100 percent and of the same order of magnitude found in the

control series.

These dextran preparations in the quantities used did not produce

any significant change in the Thrombotest assay (Owren); the aver-

age control prot',rombin time was 17.8 seconds and the average time

one hour following the infusion was 18.4 secunds (Fig.3). The

thrombin time was slightly but consistently shortened by a one per-

cent infusion of the various dextrans studied. Prior to the dextran

iifusion the average thrombin time was 6.1 seconds and one hour fol-

lowing the dextran infusion, the average time was 4.7 seconds.

The rwarombela.tgraph pattern was alteret consistently by all of

the dextran preparations studied. A marked decrease in the ma value

occurred routinely following an infusion of large molecular weight

dextran. In addition, the r and k values increased. As dextran leaves

the intravascular compartment the thrombelastographic pattern re-

turns to normal. These results will be reported in detail elsewhere.
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Platelet Counts - Platelet counts were done on the "platelet-rich"

plasma samples, an aliquot of which was used for the thrombelasto-

graphic measurement. Phase contrast microscopy was used to insure

the greatest possible accuracy in the direct method counting since

the morphology of dog platelets allows for easy confusion with other

methods. Numerically, platelets are not altered significantly Iv

dextran infusions. Functiunally, they appear to be markedly alter-

ed, not in their contribution to the formation of an active thrombo-

plastic complex, but in thcir contriution to clot strength. Thus,

"dextran coated platelets" are rendered "thrombasthenic".

Blood and urine dextran determinations confirm the fact that these

large dextran molecules remain in the intravascular compartment,

and usually at a high concentration, for a much longer time than

clinical dextran. The time of dextran residence in the intravascu-

lar compartment was directly related to the average molecular weight

of the dextran preparation infused (Fig.4). Fullowing a single in-

travenous infusion of dextran 500,000 (the largest preparation

studied) the blood dextran levels were found to remain elevated for

six days.

DISCUSSION

Previous study rcv;alcd that the two hour thrombotic rate in the

untreated intimectoml preparations was 95 percent. It was also shown

that a one percent infusion of clinical dextran would reduce the

thrombotic rate to ten percent. Numerous reports on the beneficial

effects of low molecular weight dextran in preventing sludging and
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thrombus formation in the micro-circulation stimulated an evalua-

tion of the anti-thrombotic properties of dextrans of low average
6,7,8.

molecular weights. Using for comparison the thrombotic rate in

the standard intimectomy preparations, dextrans of low average mol-

ecular weights were found to be less effective than clinical dextran

3
in preventing post-traumatic thrombosis.

Since dextrans of large Fverage molecular weights remain in the

intravascular compartment longer than clinical dextran, it was

anticipated that thesp dextrans might possess greater anti-thromb-

oLic properties than clinical dextran. It was also felt that these

large molecules would reside in the vascular bed for a longer dur-

ation of action. The intimectomy preparation in the dog revealed

that the large dextran molecules do possess some effect in prevent-

ing post-traumatic thrombosis but the effect is not as great as

found with clinical dextran.

The phenomenon of intravascular aggregation ur sludging and the

prevention of this phenomenon by low molecular weight dextran has
6,7,8,9.

been studied extensively by many investigators. Rheomacrodex

is of pharmacologic importance primarily because of its ability to

prevent or reverse aggregation of blood corpuscles. Dextrans of

high molecular weigc;ics nave been shown to increase the erythrocyte

sedimentation rate and cause red cell aggregation and stasis as de-

termined by microscopic examination of the vital circulation. By

producinl sludging one might expect large dextran molecules to in-

crease the thrombotic rate in the experimental preparation. Actually,

these large molecules demonstrated an anti-thrombotic effect under
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the conditions of this study. The explanation for the results ob-

served in this and other studies must await a more precise definition

of the mechanism of action of the dextran molecule.
l0,1.

Bloom and others have shown that one of the important physio-

logical actions of dextran is related to the increase in colloidal

osmotic po'Pssure and resulting plasma volume expansion. Polyvinyl-

pyrrolidone was infused to expand the plasma volume in 14 experi-

mental preparations and an occluding thrombus developed in all of

the preparations. The amount of PVP infused resulted in an increase

in plasma volume that was equal to the volume expansion produced by

a one percent infusion of clinical dextran. Assuming that PVP does

not have some unknown effect that initiates thrombus formation it

would appear that volume expansion alone does not affect the thromb-

otic rate in the standard experimental preparations used in this

study.

Dextrans of high molecular weights did not produce any significant

change in the Thrombotest (Owren). These substances produced (as

did clinical and low molecular weight dextrans) a shcrtening of the

thrombin time. An infusion of dextran of any molecular weight in

a six percent concentration consistently produces a decrease in the

ma value z'f the thr1he]astographic pattern. All nf the large mol-

ecular weight preparations produced an increase in the r value

whereas MW 75,000 and smaller preparations produced a shortening of

the r value. These findings suggest that large molecules of dextran

may interfere with those protein moieties involved in the initiation

of clot formation.
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SUMMARY

The anti-thrombotic properties of dextrans with high average mol-

ecular weights have bec- evaluatud using a standardized experimental

preparation that has a known post-traumatic thrombotic rate of 95

percent. In 93 preparations treated with dextrans of large average

molecular weiqhts, the thrombotic rate was reduced to 59 percent.

This compares with a thrombotic rate of only ten percent in prep-

arations treated with clinical dextran. These studies suggest

that clinica cxtran is superior to dextrans of higher molecular

weights in prevent_,,y thrombosis in small arteries of dogs subjected

to a standardized surgical trauma.



DEXTELN_(IIMWD) TREATED PREPARATIONS

Wei-lht No. Treated No. Thrombosed Thrombotic Rate

Dextran 185,000 35 20 57%

Dextran 300,000 20 .11 55%

Dextran 450,000 20 12 60%

Dextran 500,000 18 12 66%

Fig. 1. Rate of Thrombosis Following High Molecular Weight
Dextran.



-HIGH MOLECULAR WEIGHT DEXTRAN TREATED PREPARATIONS

Total Intimectomies - 93

Thrombosis inl 2 Hours - 5

Thrombosis Rate - 59%

Fig. 2. Average ThromnbotiC Rate Following HMW Dextran.



COAGULATION STUDIES

Prothrombin Time Fibrinde'x MA r k Platelet Count

Dextran 185,000 N.C. T , T s14

Dextran 300,000 N.C. A i I

Dextran 450 000 N.C.

Dextran q00,nj N.C. 4 4 I' s14

Fig. 3. Summary of Coagulation Studios Following HMW Dextran

J m m M • m m m mI
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COATING OF VASCULAR SURFACES AND CELLS - A NEW CONCEPT

IN TIE PREVENTION OF INTRAVASCULAR THROMBOSIS

Intravascular thrombnsis is a major cause of morbidity and mort-

ality in our present society. Arteries and veins are frequently oc-

cluded by clots which produce varying degrees of organ damage and

patient disability. At the present time methods for treatin9 Zitra-

vascular thrombosis include direct surgical removal of the clot, dis-

solution of the clot with enzymes, and prevcntion of new clot form-

ation or ex -.c ici oy altering the concentration of the various

factors involved In ';!ood coagulation. Although these methods pro-

vide aids for patient care, obvious inadequacies remain in our treat-

ment of intravascular thrombosis. It appears that intravascular

clot formation results from a concentration of critical reactants

at a focus of injury in the blood vessel. Attempts to alter the re-

actants involved in coagulation have not completely solved the prob-

lem. Recently a number of investigators have challenged the effect-

iveness of the pre3ZtIy available andicoagulants in treating intra-

vascular thrombQ6s. A new approach to therapy is needed.

Since the introduction of plasma volume expanders in 1918, it

has been known that circulating macromolecular uubst%,:es alter

hemostasis to varyliog degrees (1-4). Although many investigators

have measured different aspects of this hemostatic defect, (5-8) no

totally satisfactory explanation of the changes produced by these

substances on the hemostatic mechanisms has been found.

Our reo-'. studies(9,10,11) have shown that dextran, a non-polar
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polysaccharide provides a significant anti-thrombotic effect in

vivo. Vascular thrombosis was reproducibly produced in 2.5 to 3 mm.

arteries of dogs by subjecting the arteries to a standardized mech-

anical trauma. Using this experimental preparation it was shown

that an infusion of clinical dextran (M.W. 75,000) in quantities

equal to one percent of the animal's weight prevented throm,3sls at

the site of vascular damage. An overall alteration of blood co-

agulation in dextran treated animals wos noted by thrombelasto-

graphic stud, (1Z, IJ). Thrombelastographic changes were fourd with

blood d~xtran conc-ntrations which produced no other measurable al-

teration in blood coagulation. Thus it was found that dextran pre-

vents thrombosis in traumatized blood vessels and produces alter-

ations in overall coagulability. These results suggested that

clinical dextran would be of help in preventing disastrous thromb-

osis following surgical procedures on the vascular system and a help-

ful substance to infuse in patients prone to the development of in-

travascular clots. In addition, these findings stimulated a study

of the mechanisms by which dextran produces its effect on the pre-

vention of thrombosis.

It was postulated that the observed effects of d-:'-ran on thromb-

osis and coagulation might be related to surface adsorption of the

dextran molecule with a resultant alteration in the chemical reactions

leading to coagulation or thrombosis. The determination of the mech-

anism of action is of prLme importance, as an understanding of this

mechanism might lead to the development of a more efficient method

or substance to prevent or treat intravascular thrombosis.
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METHOD

The purpose of this study was to test the hypothesis that the

prevention of intravascular thrombosis and the alteration in hemo-

stasis by dextran was the result of in vivo surface coating of blood

vessels and formed elements. As a means of tracing the location of

dextran in or on blood vessel surfaces and formed elements, radio-

carbon (C-14) labeled material was used.

13-512-Dextran of molecular weight 82,000, and randomly labeled

with carbon 14 was used to trace the location of the polysaccharide.

The specific -*tivity of the labeled dextran (0.36 uc/ml) corresponds

to 1012 molecules cf dextran per disentigration per minute. The count-

ing efficiency for C-14 in dextran was measured by counting a known

volume of the stock dextran which had been processed in a manner ident-

ical with the samples. The counting efficiency was found to be 20.1%

so that one observed count per minute corresponds to the presence

12
of 5 x 10 dextran molecules. Conventional methods of counting

cerbon 14 were used. Radioactive dextran (1% of body weight) was

injected into mongrel dogs immediately following surgical intimectomy

of one femoral artery. The dextran was injected just prior to the

release of the clamps occluding the vessel for intimectomy. This

was the standard procedure previously reported (9 anC 'l), with the

exception that in the current studies radioactive dextran was used.

Three experiments were performed A,B, and C. Thirty to ninety

minutes after injection of dextran the animals were killed by ex-

sanguination all blood being taken in ACD-solution to prevent
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clotting. Whole blood was centrifuged for measurem,,nt of the hem-

atocrit and for separation of cells and plasma, for ]ater examin-

ation. The blood vessels (femoral arteries and aorta Exp. C) were

frozen and sectioned with the cutting blade parallel to the intimal

surface. Serial sections were floated (in water) on to the planchets,

dried and counted. Photographs were taken of the dried speci.2.,s,

enl rcements were madu and] the surface area dve-mined by planimetry.

All specimens were washed six times in 6% non-radioactive clini-

cal dettran in saline. (Thiq radioactive dextran is similar to the

non-acLive dextran currently used in clinical therapy), (See Table

I).

After six consecutive washings with non-radioactive dextran, the

removal of all non-surface adherent material was demonstrated by ab-

sence of significant amounts of radioactivity in the last washing.

Some tissues, Plasma and washed cells were digested in strong alkali

(KOH in A & B and LiOll in C). After the dige.,tion, the dextran was

alcohol precipitated, washed in alcohol, plated, dried and counted.

In all instances the activity was determined by gas-flow proportion-

a] counting, using a windowless counter.

RESULTS

The s--cifications of the radioactive dextran used ,n this study

compare favorably with the specifications of the currently used

clinical dextran. After six consecutive washings, aextran remains

in or on the blood vessel and packed cells, as can be seen from

Table II. It was difficult to equate quantitative measurements of

the blood vessel from one animal to another in regard to activity.
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however, cell mass could be measured accurately and the quantita-

tive radioactivity in or on the cells of two different animals was

similar. Since no sjqnJficant radioactivity was found in the last

washing of the tissue or cell preparations, it appears that the

radioactive extran was adherent to the specimens studied.

The previous demonstration thdt dextran will prevent vascular

Lhrombosis of the intimecLomized femoral artery, indicated the ad-

visability of comparison of radicactivity in damaged and undamaged

blood vessel (Table TTI) . Vessels of approximate size (Exp. B) and

cqprpoximate weight (Exp. C) Were studied. In both experiments sig-

nificantly more radioactivity was found in the damaged blood vessel,

than in the undamaged vessel from the opposite leg. At this point

the experiments had shown that the radioactivity of dextran was

firmly adherent in the greater amount in damaged than in undamaged

blood vessels and that radioactivity was also present in the cells

removed from the circulation.

It might be argued that the radioactivity was no longer in the

dextran but in some other tissue substances, thus the tissues were

digested and dextran precipitated. The activity was found to remain

in the dextran fraction.

The ne;-. experinrt wes directed at establishing the location

of radioactivity in the blood vessel. A diagrametic drawing (Fig.

I) shows the manner in which a six times washed aorta was sectioned

while frozen. These longitudinal sections showed that radioactivity

was much greater on the surface sections than on sections of the

muscle layer (Table IV), where practically no activity was found.
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The surface area of the plated sections from the aorta was related

to the radioactivity in terms of counts per cm square per minute.

Since 1 of 260 molecules are tagged and each disintegration repre-

sents 10].2 molecules ic is possible to determine the number of dex-

tran molecules per cm square of blood vessel surface. The size of

the molecule is approximately 90 x 3700 Angstroms and several nrient-

ations of the molecule to the surface were considered. Arrangement

of the molecules with the long axis parallel to the surface would

require a smaller number of molecuies (3 x 1011molecules) than were

Co1411 (1.8 x 1014 ). It would take 600 layers of superimposed mol-

ecules oriented in this long axis parallel manner to produce the

amount of radioactivity found (Fig.2.) If the dextran molecules

were arranged with the radial parallel to the surface, 1.5 x 1014

molecules would be required to saturation one square centimeter of

surface, (Fig. 2). Therefore this molecular arrangement would re-

quire a number of molecules similar to the ac-.jal number of mol-

ecules found on the surface.

DISCUSSION

The data obtained in these experiments, though pi°l.- nary, show

that dextran molecules adsorb on the surface of intravascular struc-

tures. Rothman, Aeibot , Schwebel and Langdsll (14) used radio-

active dextran in vitro to demonstrate that platelets and red cells

were coated with dextran. Ross and Ebert (13) confirmed platelet

coatlng using a cell electrophoresis method. Until now the in vivo

coating of both blood vessel surfaces and circulating formed elements
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has been purely hypothetical (8).

The mechanism of alteration of hemostasis following dextran in-

3ection may be envisioned as steric hinderence of clotting factors

at any surface by the conting of the surface with the dextran mol-

ecule. Undoubtedly, in vivo platelet coating as well as surface

coating of blood vessels could prevent platelet aggregation which

is envisioned as an early phase of intravascuidr clotting. Th4

thrombelastographic studies are compatible with a decrease in the

number of effective platelets despite relatively small decrease in

platelet numbr-:s Dy phase microscopy counts (11).

The coating of a- area of injury could prevent the manifestation

of injury from being expressed in the blood stream. This in essence

would be providing an insulator between the circulating blood and

the area of injury. Another mechanism of action could be thAt dex-

tran combines in greater amount with the injured area by virtue a

chemical bond thus neutralizing the local manifestation of injury

and preventing the clotting mechanism. Previous demonstration of

the clotting effect of positive c -.re in blood vessels (16) would

fit into this latter hypothesis.

The nature of the bond between the surface and the molecule is

most probably the result of a hydrogen bond. The qua....tative aspects

of the number of molecules per square centimeter of surface sugjests

that molecules are arranged with the radial axis parallel to the cell

surface. This arrangement would be compatible with the tarminal free

aldehyde group of the dextran be,,,q involved in the surface bond.



AlLhough tile data are preliminary and will require extensive

elaboratlonl, molecular coating (.f tntravascular surfaces by dex-

tran has been demonstrated. Whether this coating sterically sep-

arates the clottLiny factors from the locus of injury, insulates the

surface from the injury, or maintains the normal surface charge can

be resolved with further study. Whatever the mechanism of acti(.',

surtace coating by dextran molecules has Leen ebtablished and shown

to prevent intravascular thrombosis. This new avenue of study may

provide better rimethods and materials to prevent or treat intra-

vn,cular thrombosis.

SUMMARY

Radiocarbon (C-14 ) labeled dextran has been used to study the

mechanism of action of dextran. It is to be emphasized that the

studies reported are preliminary but they definitely indicate that

dextran coats all the intravascular surfaces. The ability of dex-

tran to coat surfaces may be its fundamental v, echanism of action in

retarding intravascular thrombosis.
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FIGURE 1

SECTIONS OF AORTA
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Fig. 1. Sections of Aorta.



FIGURE 2

NUMBER OF DEXTRAN MOLECULES - 1.8 x 1014/cm2
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Fig. 2. Molecular Arrangement of Dextra.



TABLE I

RADIOACTIVE DEXTRAN - SPECIFICATIONS

CONCENTRATION B 512 in Saline 6.06 gm/100 ml.

MOLECULAR WEIGHT (Light Scattering) F2,600 AV.

INTRINSIC VISCOSITY 250 C 0.20

SPECIFIC ACTIVITY (Combustion Carbon) 6.36 uC/gm.

MOLECULES OF DEXTRAN/DISI NTEG-.TION/M4IN 1012

TAGGED MOLECULES 1 out of 260

SIZE Approx. Radial Diam. 90 Angstroms

Approx. Axial Diam. 3,700 Angstroms

COUNTING EFFICIENCY 20.1%

DOSE INJECTED 1% Body Weight



TABLE II

RADIOACTIVITY IN OR ON FORMED ELEMENTS

BLOOD VESSEL, NORMAL A 9.± 1.7 CPM*

B 14.5 + .2 CPM

C 41.0 + 1.0 CPM

1 ML. P .CKEDr WASHED CELLS B 51.2 + .2 CPM

C 50.0 + .2 CPL4

*Counts per minute



TAbLE TTI

RADIOACTIVE DEXTRAIN ON NORIAL AND INTIMECTOMIZED

BLOOD VESSELS

Normal BV. YntimecLomized B.V.

Exp. B 14.5 + .2 CPM 3Q.3 + .2 CPM

Approx. 1 cm
2  Approx. 1 Cm

2

Exp. C 2'. + .0 CPM 53.4 ± 1.0 CPM

Weight 49 mg. Weight 50 mg.



2RADIOAC.TI-7TY ON BLOOD VESSEL SURFACE

INTIMA SECTION MUSCULAR SECTION

Surface Area .098 cm
2  .512 cm

2

CPM .35 + .9 0 + .09

1 Square CM 36 CPM 0 Cpm


